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AB 

voltage -gated calcium channel (Cav. alpha . 2 . 
delta. 1) is preferentially over-expressed in a non-human 
transgenic mouse model for neuropathic pain. Such 
transgenic animals advantageously exhibit non-injurious 

tactile allodynia and/or thermal hyperalgesia while retaining normal pain 
reaction to tissue injury and inflammatory pain. Thus, and in significant 
contrast to heretofore known animal models for neuropathic pain that 
require injury to precipitate the neuropathic pain, response behavior of the 
animal to a stimulus can be clearly attributed to the over -express ion of 
the Cav. alpha. 2 .delta. 1 subunit. 

The data presented strongly support that elevated Cav. alpha. 
2. delta. 1 subunit is a mol . determinant of 

certain types of neuropathic pain. The results of the present study 
suggest that blocking pathways related to Cav. alpha. 2. 
delta. 1 subunit induction post peripheral nerve injury 
or the effects of elevated Cav. alpha . 2 .delta 

.1 subunit on VGCC may enable the development of compds. that 
act on both peripheral and central VGCC specifically involved in 
neuropathic pain expression. 
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TI Calcium channel . alpha . 2 . delta . 1 

subunit mediates spinal hype rexc it ability in pain modulation 
SO Pain (2006), 125(1-2), 20-34 

CODEN: PAINDB; ISSN: 03 04-3959 
AB Mechanisms of chronic pain, including neuropathic pain, are poorly 

understood. Upregulation of voltage-gated calcium channel (VGCC) . 

alpha. 2 .delta. 1 subunit (Cav. 

alpha. 2 .delta. 1) in sensory neurons 

and dorsal spinal cord by peripheral nerve injury has been suggested to 

contribute to neuropathic pain. To investigate the mechanisms without the 

influence of other injury factors, we have created transgenic 

mice that const itutively overexpress Cav. alpha. 2 

.delta. 1 in neuronal tissues. Cav. alpha. 

2. delta. 1 overexpression resulted in enhanced 

currents, altered kinetics and voltage-dependence of VGCC activation in 

sensory neurons; exaggerated and prolonged dorsal horn neuronal responses 

to mech. and thermal stimulations at the periphery; and pain behaviors. 

However, the transgenic mice showed normal dorsal horn 

neuronal responses to windup stimulation, and behavioral responses to 

tissue;- injury/inf lammatory stimuli. The pain behaviors in the 

transgenic mice had a pharmacol . profile suggesting a 

selective contribution of elevated Cav. alpha. 2. 

delta. 1 to the abnormal sensations, at least at the 

spinal cord level. In addition, gabapentin blocked VGCC currents 

concentration-dependently in transgenic, but not wild- type, sensory neurons. 

Thus, elevated neuronal Cav . alpha . 2 . delta . 

1 contributes to specific pain states through a mechanism mediated 
at least partially by enhanced VGCC activity in sensory neurons and 
hyperexcitability in dorsal horn neurons in response to peripheral 
stimulation. Modulation of enhanced VGCC activity by gabapentin may 
underlie at least partially its antihyperalgesic actions. 
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TI Characterization of injury free transgenic mouse 
showing neuropathic pain like behaviors . 

SO FASEB Journal, (MAR 7 2005) Vol. 19, No. 5, Suppl . S, Part 2, pp. A1071. 
Meeting Info. : Experimental Biology 2005 Meeting/35th International 
Congress of Physiological Sciences. San Diego, CA, USA. March 31 -April 
06, 2005. Amer Assoc Anatomists; Amer Assoc Immunologists ; Amer Physiol 
Soc; Amer Soc Biochem & Mol Biol; Amer Soc Investigat Pathol; Amer Soc 
Nutr Sci; Amer Soc Pharmacol & Expt Therapeut; Int Union Physiol Sci . 
CODEN: FAJOEC. ISSN: 0892-6638. 

AB Mechanisms underlying neuropathic pain are not clear. Previous studies 
have suggested that increased voltage-gated calcium-channel alpha 
(2) delta (1) (Ca (v) alpha (2 

)delta(l)) subunit in spinalcord and dorsal root 

ganglia (DRG) may contribute to neuropathic pain development/maintenance. 

To determine the causal role of Ca (v) alpha (2 ) 

delta (1) in neuropathic pain without complications from 

other injury factors, we generated and characterized transgenic 

mice overexpressing the Ca (v) alpha (2 ) 

delta (1) in neuronal tissues. Immunoblots showed 

elevated Ca (v) alpha (2) delta (1) 

expression in forebrain, hippocampus, cortex, cerebellum, spinal cord and 
DRG, but not in non-neuronal tissues. Compared with wild-type 
littermates, the transgenic mice showed reduced paw 
withdrawal threshold to mechanical stimulation and shortened paw 
withdrawal latencies to thermal stimulation, similar to neuropathic pain 
behaviors in nerve injured animals and patients. The hypes ens itivity was 
reversed completely in a dose-related manner by gabapentin, an 
antihyperalgesic drug that binds to the Ca (v) alpha (2 ) 
delta(l), andpartially by morphine. Ketorolac (COX 



inhibitor) and ondansetron (5HT3 receptor antagonist) did not show any 
effect. These data Support that increased Ca(v)alpha(2 
) delta (1) contributes to the development and 

maintenance of neuropathic pain like behaviors and this transgenic 
mouse canserve as a model for studying mechanisms of abnormal 
sensation and screening new antihyperalgesic agents. 
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AB Transgenic animals carrying mutations in the genes for 

al subunit of the voltage-gated calcium channel in combination with 

mutations in the gene for the 51 subunit are described. These 

animals carry mutations that abolish the binding of gabapentin and animals 

carrying them can be used to study the biol . role of voltage -gated calcium 

channels and in the development of novel drugs. Homozygous mutations in 

the a2/52 subunit gene are lethal in mice. Mutations in the 

61 locus led to altered response to pregabalin and in pain 

perception. 
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The invention relates features non-human mammals and animal cells that 
contain a targeted disruption of an .alpha. 2/. 
delta. 1 and /or an cc2/52 gene. 

Transgenic animals carrying mutations in the genes for 

al subunit of the voltage-gated calcium channel in combination with 

mutations in the genes for the 51 or 52 subunits are 

described. These animals carry mutations that abolish the binding of 
gabapentin and animals carrying them can be used to study the biol . role 
of voltage-gated calcium channels and in the development of novel drugs. 
Homozygous mutations in the a2/S2 subunit gene are lethal in 
mice. Mutations in the 51 locus led to altered response to 
pregabalin and in pain perception. 
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